other level decreased. The same effect also occurred when participants were simply told that one level was more important than the other, without changing the probability of target appearance. It was argued that this effect was due to the allocation of attention to one of the two levels. The finding that both perceptual and controlled attentional mechanisms have an effect on the processing of hierarchically organised stimuli was also demonstrated in studies on patients with brain damage to parietal and occipital cortical areas (Robertson and Lamb 1991) .
In addition to the global advantage effect, reaction times are longer for processing the local level when the local and the global level are inconsistent (eg a different letter at the local and global level) than when these levels are consistent (eg the same letter for both levels). Usually, less interference is observed when attention is directed to the global level (Navon 1977; Kimchi 1992; Yovel et al 2001) , although researchers have reported a large contribution from the local level as well (eg Hoffman 1980; Miller 1981) . Navon (1977) proposed that global advantage and global interference are indicative for global precedence in visual processing, suggesting that perception of the global level occurs before perception of the local level.
Whereas classical Navon stimuli contain two hierarchical levels, real-world objects and visual scenes can be described as a hierarchical structure with many more levels. To investigate the order of visual processing in more detail, Stoffer (1991) and Greaney and MacRae (1992) used a three-level Navon stimulus. In these stimuli the middle level occupied a more global position in the hierarchical structure of the stimulus with respect to the local level, and a more local position with respect to the global level. Greaney and MacRae (1992) found no clear advantage for either the global, middle, or local level and hypothesised possible confounds of the physical characteristics of their stimuli and an effect of overall interference. In the present study we used three-level hierarchical stimuli (figure 1) to actually investigate these suggested interference effects. In two-level stimuli the local^global relation between the two levels is obvious, both absolute and relative. In three-level stimuli however, both the middle and the global level occupy a more global hierarchical position relative to the local level. This allows us to test whether global precedence is absolute or relative. If global precedence is absolute, the global interference effect will increase with increasing level of globality. In this case, the interference effect of the global level to the local level should exceed the interference effect of the middle level to the local level. Alternatively, global precedence may be relative and may only hold for the neighbouring more global level in the hierarchical structure, and not necessarily for the absolute global level. In this case, the interference effect of the middle level to the local level should exceed the interference effect of the global level to the local level. By testing this hypothesis more insight will be gained in visual perception and the allocation of attention to visual scenes.
Methods

Participants
We tested fourteen participants in the experiment (five males), aged 23^36 years. All had normal or corrected-to-normal vision.
Stimuli
The stimuli consisted of three letters out of the set E, O, U, C, F, H. We used this specific letter set instead of a set of only two letters because this set contains as many vowels as consonants, while letter features like straight and curved lines are balanced between the two groups. To construct our stimuli, all possible combinations of three letters out of the letter set were used except for three-letter consistency (eg an F composed of Fs composed of Fs). The resulting stimuli were called inconsistent if the letter at the attended level of the stimulus did not occur at any other level (eg an F composed of Hs composed of Os), whereas in consistent stimuli the letter at the attended level also occurs at one of the other levels (eg an F composed of Fs composed of Os, with attention directed to an F). To construct the middle level of the stimulus out of the local elements, the letter shapes were drawn in a 565 grid. Global shapes were constructed from the middle-level elements with these same letter shapes. The sizes of the different levels were 9.8 deg, 1.77 deg, 0.25 deg of visual angle for the global, middle, and local level, respectively. Stimuli were black on a white background.
2.3 Procedure Stimuli were presented centrally for 100 ms under free-viewing conditions and were shown at a mean inter-trial interval of 1083 ms (range 750^1417 ms). We used a freevision paradigm, because a fixation mark potentially creates a bias towards the local level of the stimulus. With no fixation mark present, we used short stimulus presentation to minimise eye movements, which can favour processing of the global level (Paquet and Merikle 1984) . Although this could affect the global advantage effect, it cannot account for differences between consistent and inconsistent conditions (the global interference effect).
Blocks consisted of 50 trials in which participants had to attend to either the global, middle, or local level of the stimulus, as instructed by a text on the display before each block. The task was to respond differentially with a left or right button press to vowels or consonants at the level of the stimulus they were instructed to attend to. The response (vowels right, consonants left, or vice versa) was randomised among participants. Responses given later than 1500 ms were excluded from analysis.
The sequence of trials in a block was pseudo-randomised such that the same letter never appeared twice in a row at the attended level. Stimuli with letter consistency occurred in 40% of the trials. Although the elements of subsequent stimuli did fall in overlapping regions, there was no absolute spatial certainty for the middle-level and local-level elements. This was done because the rationale of using hierarchical stimuli to study local and global processing is that the stimulus is perceived as an object at the moment of testing. This may not hold if an element of the stimulus is presented with spatial certainty (Navon 2003) .
The total experiment consisted of 12 blocks (4 times global, middle, local) that were pseudo-randomised such that blocks with the same attended level never appeared twice in a row. Between blocks participants were allowed to take breaks for as long as they wanted. A session lasted about 30 min. Both reaction times and error rates were analysed. To minimise learning effects, participants were trained the day before the actual experiment with the same experimental procedure. During the experiment, participants were seated in a dimly illuminated booth. They were instructed to respond as quickly and as accurately as possible, and presented with a short practice series of 3 blocks of 10 trials to get accustomed to the procedure again.
Results
Reaction times for attending to the global, middle, and local level of the stimuli were 539 AE 61, 555 AE 68, and 575 AE 66 ms, respectively (mean AE SD). Repeated-measures ANOVA with attended level as factor showed a significant increase in reaction time from global to middle to local attention (F 2 26 11X06, MSE 412X84, p 5 0X001; all pairwise comparisons p 5 0X05; a posteriori Bonferroni analysis). The mean error rates for attending to the global, middle, and local level of the stimulus were 5.4% AE 2.6%, 3.5% AE 2.2%, and 4.6% AE 2.5%, respectively (mean AE SD). None of the participants exceeded an error rate of 10%. . Reaction times of attention to the local level were shorter when the middle level was consistent with the local level, but not when the global level was consistent with the local level. An analogous pattern was found for attention to the global level. For example (a), if at the attended local level a letter F would appear, the reaction time was 33 ms shorter when the middle level was also an F compared to when the middle level was not an F. In contrast, when the local and global levels were consistent (eg both an F) no interference was found (0 ms). See text for more details. * p 5 0X05, ** p 5 0X001, ns: not significant.
To investigate whether performance of the participants was stable during the experiment, regression coefficients of reaction time over time were calculated for global, middle, and local attention separately for each condition. We observed large effects of learning in the training session in all conditions [b À0X75 AE 0X54, b À0X41 AE 0X19, b À0X72 AE 0X43 (mean AE SD) for global, middle, and local attention, respectively]. During the experiment, only a weak decrease in reaction times was observed: b À0X19 AE 0X18, b À0X10 AE 0X23, b À0X19 AE 0X22 for global, middle, and local attention, respectively.
The effect of letter consistency was analysed by comparing reaction times to consistent stimuli with those to inconsistent stimuli. The results are shown in figure 2. Note that usually the baseline in measuring the global interference effect is performance when the unattended level is consistent with the attended level. Although this may work well in two-level hierarchical stimuli, in three-level stimuli the baseline would be a three-letter-consistent stimulus (eg an F composed of Fs composed of Fs). This is a rather rare specimen in a set of three-level stimuli, making it hard to obtain a reliable baseline that can be used to calculate the global interference effect in the same way as in two-level stimuli. This is the reason why we decided to present the data in relation to a baseline consisting of inconsistent stimuli. Hence, any interference from one level to another can be interpreted in terms of facilitation.
Reaction times for the condition in which participants were attending to the local level were shorter when the middle level was consistent with the local level, but not when the global level was consistent with the local level. An analogous pattern was found for attention to the global level. Attention to the middle level showed interference effects of both the global and the local level. Discarding the 2.5% fastest and slowest responses for each condition to get more stable means did not lead to statistically significant different results.
Discussion
We addressed the hypothesis of global precedence by using three-level hierarchical stimuli to investigate the global interference effect. To characterise the stimuli used in this study we also analysed reaction times for each level and found a significant reactiontime increase from global to middle to local attention, indicating global advantage. This is consistent with results of many other psychological studies with the classical (two-level) Navon figures, although for stimuli larger than about 7^10 deg visual angle the global advantage effect was shown not to hold (Kinchla and Wolfe 1979; Lamb and Robertson 1990; Kimchi 1992 ). However, this study was designed to investigate global interference and not global advantage (eg size was not corrected for), and one should be cautious in making inferences from just the processing advantage of the global level. Several factors affecting salience of the different levels of hierarchical stimuli, size, and eccentricity, texture, goodness of the shape, and spatial frequency may contribute largely to the global advantage effect (Navon 1981; Kimchi 1992 Kimchi , 1998 LaGasse 1993; Fink et al 1996; Grabowska and Nowicka 1996; Morrison and Schyns 2001) .
Using three-level stimuli, Greaney and MacRae (1992) found longer reaction times to the middle level than to the local and global levels in their small-visual-angle condition. We did not find this in our study, but, as Greaney and MacRae discussed, the specific physical characteristics of the stimulus, like the number of local elements or shape, may completely dominate any advantage effect. Kim et al (1999) added an extra level with letter-like components to their two-level stimuli to investigate sequential priming. They found that the added level was processed as an additional distractor to the two-level letter stimuli. This has also been suggested by Stoffer (1991) in a study that compared the identification of two-level and three-level compound letters. His results showed that the same stimulus was recognised faster when it was the global level of a two-level stimulus than when it was the middle-level of a three-level stimulus. In an exploratory analysis on three-level stimuli we also analysed response compatibilityöthe effect that responses are faster when distractors (in the present study the unattended levels of the stimulus) are compatible with the response than when they are incompatible (Eriksen and Eriksen 1974) . The results showed only a small significant effect when attending to the local level of the stimulus in the response compatibility condition with the middle level (repeated-measures ANOVA: F 2 26 4X66, MSE 345X68, p 5 0X05), suggesting that subjects mapped letters by identity rather than by response set.
By analysing the effect of letter consistency we found an interference effect of the neighbouring level only. While attending to the local level of the stimulus, only the middle level showed an interference effect, whereas the global level did not interfere at all. This suggests that the global-precedence hypothesis holds only relative to the neighbouring more global level in the hierarchical structure. The middle level is subject to interference from both the local and the global level, as Greaney and MacRae (1992) hypothesised. However, while global interference did not increase with increasing level of globality, global advantage did. This lack of covariation between global advantage and interference has frequently been reported (eg Lamb and Robertson 1988; LaGasse 1993; Amirkhiabani and Lovegrove 1999; Blanca et al 2002) and shows that the global interference effect cannot easily be explained from global advantage alone. In addition to a global interference effect, also a smaller local interference effect was found in this study. Several other studies have also shown this, especially when manipulating the relative visibility of each level (eg Hoffman 1980; Blanca et al 2002) . Such bidirectional interference indicates that attentional filters include neighbouring levels, whereas the global advantage indicates which level captures more attention depending on its relative salience.
Our finding that the global-to-local hypothesis holds only for the neighbouring more global level in the hierarchical structure may have both perceptual and attentional sources. First, hierarchical processing may still be global to local, but the interference effect may be strongest for the closest global level in the hierarchical structure of the stimulus. However, in this case a small interference effect of the global level on the local level could still be expected. Alternatively, if processing is global to middle to local, the absence of interference from the global level to the attended local level of the stimulus may be explained by cancellation: when attending to the local level of the stimulus, facilitation by a consistent global level may be cancelled by the interference of the inconsistent middle level. However, this explanation assumes a strict global-to-local processing, which is not supported by the observation of local interference. Consequently, the hypothesis that processing of a visual field is global to local cannot account for the present data by simple extrapolation from two-level to three-level hierarchical structures. Second, a limited spatial attentional window would allow interference from other objects within this window and minimise interference from objects outside this window. This classical spotlight of attention model hypothesises that information inside the spotlight is processed more quickly or more efficiently than information outside the spotlight (Posner et al 1980) . This model has been extended and developed further in the past two decades (eg see Brefczynski and DeYoe 1999; Cave and Bichot 1999) , and also other neural mechanisms of selective visual attention have been proposed (eg Desimone and Duncan 1995) . However, the basic idea of an attentional spotlight on hierarchical stimulus processing could very well account for our findings in this study. If attention is focused on the local level, covert attention to the middle level may cause interference effects, whereas the global level may be too far away from the attentional locus to interfere. This way, the global-precedence hypothesis holds, but only within a limited window of attention. 
